Introduction
============

Globally, esophageal cancer is the sixth and ninth most common cause of cancer death in males and females, respectively, with the highest rates occurring in eastern Asia and in eastern and southern Africa.[@b1-ott-10-2087] Surgical resection is recommended for the treatment of early stage esophageal cancer. However, most patients are diagnosed with advanced stage disease and are unfit for surgical resection.[@b2-ott-10-2087] According to the results of two clinical trials performed by the Radiation Therapy Oncology Group (RTOG; RTOG85-01[@b3-ott-10-2087] and INT 0123[@b4-ott-10-2087]), definitive chemoradiotherapy is the standard treatment for patients with locally advanced esophageal cancer. However, the outcome of definitive chemoradiotherapy for advanced esophageal cancer is unsatisfactory, with a 5-year overall survival (OS) rate of \~10%.[@b5-ott-10-2087]

Optimal delineation of the radiotherapeutic target volume is very important to improve the therapeutic effect and decrease radiative toxicity.[@b6-ott-10-2087] However, there is no consensus on methods to delineate the clinical target volume (CTV). The National Comprehensive Cancer Network (NCCN) guidelines (version 1.2016) recommend that the CTV should include the areas at risk for microscopic disease and elective nodal regions. Elective treatment of nodal regions is dependent on the location of the primary tumor in the esophagus. Although involved-field irradiation (IFI) is performed for most cases of non-small cell lung cancer and Hodgkin's lymphoma, relatively few studies have reported the results of IFI for esophageal cancer.[@b7-ott-10-2087],[@b8-ott-10-2087] Of these, Zhao et al[@b9-ott-10-2087] reported the outcomes of radiotherapy for 53 patients with squamous cell carcinoma (SCC) of the esophagus, in which only the primary tumor and positive lymph nodes were irradiated. The results of that study showed that in-field recurrence developed in 44% of patients, distant metastasis with or without regional failure occurred in 46% of patients, and isolated out-of-field nodal recurrence developed in only 8% of patients. Other studies reported similar results.[@b10-ott-10-2087],[@b11-ott-10-2087] Together, these results confirmed the feasibility of IFI for locally advanced esophageal cancer.

Because of the progress of technology in radiation, it has already become a reality to irradiate the regional lymph node precisely in clinical practice. The volume of elective nodal irradiation (ENI) is greater than the volume of IFI in thoracic radiotherapy. In theory, the large radiation volume can increase side effects of radiation therapy. There were lots of life-threatening side effects in RTOG 85-01.[@b3-ott-10-2087] On the other hand, IFI may increase the risk of nodal failure in unirradiated nodal stations, especially as the pattern of lymph node metastasis is controversial in esophageal cancer. However, no large, prospective, randomized, controlled trial has compared ENI to IFI for the treatment of esophageal cancer. The purpose of this systematic review and pooled analysis was to investigate whether ENI in definitive radiotherapy is more beneficial than IFI in a large group of patients with esophageal cancer worldwide.

In this review, we summarized the available data and concluded that IFI could be a feasible selection for locally advanced esophageal cancer, especially to minimize the risk of irradiation-related toxicity. Hence, patients who are suffering from esophageal cancer, especially elderly patients, tend to tolerate IFI better than ENI.

Materials and methods
=====================

Literature search
-----------------

The medical databases PubMed (<https://www.ncbi.nlm.nih.gov/pubmed>), Medline (<https://www.medline.com/>), ISI Web of Science (<https://www.webofknowledge.com/>), and [ClinicalTrials.gov](http://ClinicalTrials.gov) (<https://ClinicalTrials.gov/>) were searched for English and non-English publications (last update: May 30, 2016). The abstract database of annual meetings (American Society for Radiation Oncology, American Society of Clinical Oncology, etc) and the references of published systematic reviews were also searched for reports of IFI or ENI radiotherapy for esophageal cancer. An algorithm with the following terms was used to search the databases: 1) "esophageal OR esophagus OR esophageal"; 2) "cancer OR carcinoma OR neoplasm"; 3) "radiotherapy OR chemoradiation OR irradiation"; 4) "IFI"; and 5) "ENI" both as text and Medical Subject Heading terms. Although no language restrictions were initially applied, the full-text review was limited to reports published in English. Additional studies were manually searched using the references cited in the selected articles.

Literature selection
--------------------

The included studies were selected on the basis of the following criteria: 1) patients were histopathologically diagnosed with esophageal SCC and adenocarcinoma; 2) IFI was compared with ENI; 3) outcomes, such as OS rate, rate of acute and late toxic effects, rate of recurrence, and distant metastasis, were evaluated; and 4) ≥10 cases were included. Unpublished data, case reports, reviews, letters, editorials, comments, and studies that applied either IFI or ENI alone were excluded from the analysis. Multiple articles published by the same author over a short period were also excluded.

Data extraction and statistical analysis
----------------------------------------

The abstract of each retrieved article was reviewed using the keywords. Irrelevant citations were removed in accordance with the criteria mentioned in the "Literature selection" section. Two reviewers independently evaluated the full text of each article and extracted information regarding the methods and results.

All statistical analyses were performed using the Review Manager (version 5.3) software package (<http://tech.cochrane.org/revman>). Heterogeneity among the different studies was examined using the chi-squared test. A probability (*P*) value of \<0.05 was considered as statistically significant. Different models were adopted to calculate the diagnostic indexes according to heterogeneity. A fixed-effect model was used when *P* was \>0.05, and a random-effect model was used when *P* was \<0.05.

Results
=======

Characteristics of selected articles
------------------------------------

The electronic search identified 638 potentially relevant publications according to the defined criteria. After examination of the abstracts and full-text articles by the reviewers, 634 articles were excluded, whereas four articles met all the inclusion criteria. In addition, an abstract from the 2015 American Society for Radiation Oncology (ASTRO) annual meeting was included after a manual search. The study selection process is summarized in [Figure 1](#f1-ott-10-2087){ref-type="fig"}.

Finally, five studies with a total of 757 patients with esophageal cancer were included in the meta-analysis. The histology of most patients was SCC. Three-dimensional conformal radiotherapy and conventional radiotherapy were most often applied. Of the 757 patients, 406 (53.6%) received IFI and 351 (46.4%) received ENI. The basic characteristics of the included studies are shown in [Table 1](#t1-ott-10-2087){ref-type="table"}.

OS rates
--------

Three studies reported 1-year, 2-year, and 3-year OS rates; one study only reported 1- and 2-year OS rates; and one study only reported 3-year OS rates.[@b12-ott-10-2087]--[@b16-ott-10-2087] These OS outcomes were pooled for analysis with Review Manager (version 5.3) software. The results showed that the heterogeneities of the 1-year, 2-year, and 3-year OS outcomes were *P*=0.58, *P*=0.1, and *P*=0.1, respectively, which indicated that there was no heterogeneity across the included studies. The relative risk ratio (RR) value, expressed as IFI versus ENI, was 1.0 (95% confidence interval \[CI\] =0.92--1.08, *P*=0.94) for the 1-year survival rate, 1.04 (95% CI =0.90--1.19, *P*=0.61) for the 2-year survival rate, and 1.11 (95% CI =0.92--1.35, *P*=0.27) for the 3-year survival rate. These results indicate no difference in the 1-year, 2-year, and 3-year OS rates between the IFI and ENI arms.

The median OS duration was reported in three studies.[@b12-ott-10-2087]--[@b14-ott-10-2087] As shown in [Figure 2](#f2-ott-10-2087){ref-type="fig"}, there was no significant difference in the pooled median OS duration between the IFI and ENI arms (15.5--38.9 months vs 17--32.7 months, respectively; pooled RR value =1.2; 95% CI =0.75--1.91; *P*=0.44).

Local control rates (LCRs) and patterns of treatment failure
------------------------------------------------------------

The 1-year, 2-year, and 3-year LCRs were reported in three studies.[@b12-ott-10-2087]--[@b14-ott-10-2087] There was no heterogeneity in 1-year (*P*=0.05) and 3-year (*P*=0.14) LCRs across the included studies. Thus, the fixed-effect model was selected for the pooled analysis. The random-effect model was selected for the 2-year LCR analysis, with statistical tests of heterogeneity showing *P*=0.03. The results of pooled analysis showed no significant difference between the IFI and ENI arms in the 1-year LCR (RR =1.07, 95% CI =0.94--1.20, *P*=0.30), 2-year LCR (RR =0.93, 95% CI =0.70--1.23, *P*=0.61), and 3-year LCR (RR =1.09, 95% CI =0.92--1.28, *P*=0.33; [Figure 3](#f3-ott-10-2087){ref-type="fig"}).

Four studies investigated the occurrence of treatment failure, including local/regional recurrence and distant metastasis. The meta-analysis results showed no significant difference in local/regional recurrence during follow-up between the IFI and ENI arms (RR =0.93, 95% CI =0.72--1.2, *P*=0.59). However, the incidence of distant metastasis was lower among patients who received IFI radiotherapy (RR =0.70, 95% CI =0.51--0.94, *P*=0.02), with no heterogeneity (*I*^2^=33%, *P*=0.02). These results indicate a lower rate of distant metastasis following IFI, as compared to ENI. The forest plot results are shown in [Figure 4](#f4-ott-10-2087){ref-type="fig"}.

Treatment-related toxicities
----------------------------

The incidences of ≥ grade 3 acute and late treatment-related toxicities were reported in four studies, and the incidence of ≥ grade 2 toxicity was reported in one study.[@b12-ott-10-2087]--[@b16-ott-10-2087] The incidences of lung-related and esophagus-related toxicities were analyzed, whereas other toxicities were not included because of incomplete data or rarity. In this meta-analysis, the incidences of acute and late lung toxicities were lower in the IFI arm than in the ENI arm, with RR values of 0.58 (95% CI =0.36--0.94, *P*=0.03) and 0.21 (95% CI =0.05--0.81, *P*=0.02), respectively. The pooled incidence of acute esophagus toxicity was significantly lower in the IFI arm than in the ENI arm (RR value =0.50, 95% CI =0.35--0.71, *P*\<0.0001). However, there was no statistical difference in the incidence of late esophagus toxicity between the two arms (RR value =0.93, 95% CI =0.38--2.26, *P*=0.87). The forest plot results are shown in [Figure 5](#f5-ott-10-2087){ref-type="fig"}.

Discussion
==========

Radiotherapy plays an important role in the treatment of inoperable esophageal cancer. The NCCN, RTOG, and European guidelines provide recommendations for radiotherapy planning, including radiation dose and target volume. However, the extent of the irradiation field remains controversial, especially for the CTV. The CTV of a primary tumor is commonly defined as 3--5 cm superior and inferior expansion along the length of the esophagus and a 1--1.5 cm radial expansion.[@b3-ott-10-2087],[@b4-ott-10-2087],[@b17-ott-10-2087] At present, there is no consensus on the range of lymph node CTV. In the RTOG 85-01 trial, the range of the lymph node CTV was extended from the supraclavicular region to the gastroesophageal junction.[@b3-ott-10-2087],[@b4-ott-10-2087] This lymph node CTV is the target of ENI. Since then, a number of clinical studies have used ENI to target the lymph node CTV.[@b17-ott-10-2087] A few recent studies have used IFI in definitive and preoperative chemoradiotherapy for locally advanced esophageal cancer.[@b9-ott-10-2087],[@b12-ott-10-2087],[@b18-ott-10-2087] Most of these studies reported no significant differences in OS or LCRs with the adopted ENI. To a certain extent, these results showed the feasibility of IFI radiotherapy for esophageal cancer. However, some oncologists claim that IFI may increase the risk of nodal failure in nonirradiated nodal stations. So far, no large, randomized, controlled, clinical trial has compared IFI to ENI.

In this meta-analysis, five studies with a total of 757 patients were pooled to investigate the feasibility of replacing IFI with ENI for esophageal cancer. The results of the present study showed no significant differences in the OS rate and median OS duration between the IFI and ENI groups. Zhao et al[@b9-ott-10-2087] reported 1-year, 3-year, and 5-year OS rates of 77%, 56%, and 41%, respectively, after IFI radiotherapy. In a study of IFI radiotherapy for stage I esophageal cancer, Kawaguchi et al[@b18-ott-10-2087] reported 3-year OS and disease-free survival rates of 76% and 66%, respectively. A retrospective study of IFI in patients with locally advanced esophageal cancer by Zhang et al[@b11-ott-10-2087] reported 1-year, 2-year, and 3-year OS rates of 86.3%, 30.0%, and 18.8%, respectively. A meta-analysis of ENI radiotherapy for esophageal cancer reported 1-year, 2-year, 3-year, and 5-year pooled OS rates of 57%, 39%, 40%, and 29%, respectively.[@b19-ott-10-2087] The results of these studies showed no significant decrease in OS with IFI radiotherapy for esophageal cancer. Therefore, IFI radiotherapy should be considered a feasible treatment option for esophageal cancer.

The main reason that oncologists advocate the use of ENI is that the use of IFI can lead to greater regional lymph node failure. According to the results of the RTOG 94-05 trial, the rate of regional nodal failure with ENI was only 7% in both the high-dose and standard-dose arms.[@b4-ott-10-2087] In another study, Onozawa et al[@b20-ott-10-2087] investigated the efficacy of ENI as definitive chemoradiotherapy for esophageal cancer and found that the treatment failed in 20 patients, whereas 60 patients achieved a complete response after initial chemoradiotherapy. The local failure and distant metastasis rates were 50% (10/20) and 45% (9/20) among the 20 cases of treatment failure, and only one patient experienced elective nodal failure. A retrospective study by Li et al[@b21-ott-10-2087] reported in-field recurrence, distant metastasis, and out-of-field regional failure rates of 69.6%, 33.9%, and 12.5%, respectively, in 56 patients with T4 esophageal SCC who received IFI treatment. In the present meta-analysis, there was no significant difference in pooled local/regional recurrence between the IFI and ENI arms. Moreover, statistical analysis showed a lower incidence of distant metastasis following IFI radiotherapy, which was possibly because of a greater weight of the results of one of the included studies. In this particular study, the number of patients given two or more cycles of chemotherapy was higher in the IFI arm (104/119) that in the ENI arm (92/120).[@b14-ott-10-2087] More cycles of chemotherapy may explain the lower incidence of distant metastasis. Nevertheless, the results of the present study and previous studies showed that the regional nodal failure rate of IFI was acceptable in esophageal cancer patients.

In theory, a smaller range of CTV can decrease irradiation-related toxicity. The results of the present study showed that the incidences of acute and late lung toxicities and acute esophagus toxicity were lower in the IFI arm than in the ENI arm. However, there was no significant difference in the incidence of late esophagus toxicity between the two arms, possibly because the dose to the gross tumor volume was similar between the two arms and the dose to the esophagus included in the region of elective nodes was usually relatively low. The incidences of ≥ grade 3 acute and late radiation toxicities were 71% and 34%, respectively, in the standard-dose arm (50.4 Gy) of the RTOG 94-05 trial.[@b4-ott-10-2087] Meanwhile, the rates of treatment-related death were 10% (11/109) in the high-dose arm (64.8 Gy) and 2% (2/109) in the standard-dose arm. Zhao et al[@b9-ott-10-2087] reported incidences of grade 3 acute and late toxicities of 9% and 6%, respectively, using IFI radiotherapy, with no acute or late grade 4 or 5 toxicity. In summary, the rate of radiation-related toxicity was significantly lower with IFI than with ENI radiotherapy. Furthermore, severe acute and late radiation toxicity increases patient mortality, thus decreasing the benefit of treatment.

There were several limitations to this review. First, only five studies were included and all patients were Asian. Second, the most common tumor histology was esophageal SCC. Third, there was a potential risk of bias in patient selection (including age, gender, and tumor location) and heterogeneity in radiation technique and dose, which might have influenced the pooled results. Therefore, the accuracy of our conclusion is affected by these limitations and it needs further studies with large, multicenter, randomized clinical trials to verify.

Conclusion
==========

The results of this meta-analysis showed that there were no significant differences in OS and LCRs between the IFI and ENI arms. Meanwhile, the incidences of esophageal and lung toxicities were significantly decreased in the IFI arm. These results suggest that IFI could be a feasible selection for locally advanced esophageal cancer, especially to minimize the risk of irradiation-related toxicity. Future multicenter prospective randomized clinical trials are needed to verify these results and to determine whether IFI is a better choice than ENI for the treatment of esophageal cancer.
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###### 

Basic characteristics of the included studies

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author (year)                              Enrollment year                 Patient number   Pathology     Location                                               Treatment          Radiation dose (Gy)          Radiation technique   IFI patient number   ENI patient number
  ------------------------------------------ ------------------------------- ---------------- ------------- ------------------------------------------------------ ------------------ ---------------------------- --------------------- -------------------- --------------------
  Ma et al[@b12-ott-10-2087] (2011)          September 2004 to April 2006    102              SCC           Cervical (n=33) and upper thoracic esophageal (n=69)   CCRT + CT          41.4 Gy/23 F (1.8 Gy, qd)\   3D-CRT                51                   51
                                                                                                                                                                                      +18 Gy/12 F (1.5 Gy, bid)\                                              
                                                                                                                                                                                      DT: 59.4 Gy                                                             

  Liu et al[@b16-ott-10-2087] (2014)         January 2008 to December 2010   169              SCC           Cervical and upper thoracic esophageal                 NR                 DT: 60--68.4 Gy\             3D-CRT                99                   70
                                                                                                                                                                                      DT: 50.4--54 Gy (ENI)                                                   

  Yamashita et al[@b14-ott-10-2087] (2015)   June 2000 to March 2014         239              SCC + other   23/56/41 (upper/middle/lower)                          CCRT + CT          IFI: 50.4 Gy/28 F\           3D-CRT                119                  120
                                                                                                                                                                                      ENI: 50--50.4 Gy/25--28 F                                               

  Jing et al[@b13-ott-10-2087] (2015)        January 2009 to March 2013      137              SCC           11/126 (cervical/thoracic)                             CT-RT/CCRT/RT-CT   DT: 50--68.4 Gy\             3D-CRT                83                   54
                                                                                                                                                                                      1.8--2.0 Gy/per F                                                       

  Li et al (2015)\                           April 2012 to November 2014     110              SCC           NR                                                     CCRT               GTV: DT 60--66 Gy\           IGRT                  54                   56
  ASTRO                                                                                                                                                                               CTV: DT 50--54 Gy\                                                      
                                                                                                                                                                                      1.8--2 Gy/per F                                                         
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** IFI, involved-field irradiation; ENI, elective nodal irradiation; SCC, squamous cell carcinoma; CCRT, concurrent chemoradiotherapy; CT, chemotherapy; F, fraction; DT, dose of total; 3D-CRT, 3-dimensional conformal radiotherapy; NR, no report; RT, radiotherapy; GTV, gross tumor volume; CTV, clinical target volume; IGRT, image-guided radiation therapy; qd, once a day; bid, twice a day.
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